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[57] ABSTRACT 

Disclosed is a circuit breaker comprising an interruptor 
including a main contact and a series circuit connected 
in parallel to the main contact and constituted by a 
breaking resistor and a resistor contact; and an actuator 
device for performing closing to opening operations of 
the main contact and the resistor contact; in which the 
breaking resistor includes a ?rst resistor element and a 
second resistor element having a resistance value which 
is smaller than that of the ?rst resistor element; and in 
which a switching circuit is provided for automatically 
changing the connection of the ?rst and second resistor 
elements such that in small capacitive current breaking, 
an equivalent resistance of the ?rst and second resistor 
element becomes a large value suitable for the small 
current breaking, while in short‘circuit current break 
ing, the resultant equivalent resistance becomes a small 
value for the short-circuit current breaking mainly 
owing to the resistance value of said second resistor 
element. 

11 Claims, 9 Drawing Figures 
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CIRCUIT BREAKER 

The present invention relates to circuit breakers and 
more particularly to a power circuit breaker provided 
with a resistor contact. 
A puffer type SF6 circuit breaker, which occupies the 

main current of present power circuit breakers, has a 
feature that not only the arc-extinguishing medium SF6 
gas is superior in the characteristic of breaking a large 
current but the chopped current is small in breaking a 
small current so that no overvoltage can occur in break 
ing an exciting current of a no-load transformer. 

Accordingly, no resistor for breaking operation 
(hereinafter referred to as a breaking resistor) has been 
required for such a puffer type SF6 circuit breaker, 
differing from a compressed-air circuit breaker, while a 
resistor for suppressing a making surge is required in 
view of such a circuit phenomenon for a circuit breaker 
of the class above 500 kV. 
However, with respect to the 1000 kV class UHV 

(ultra high voltage) transmission, the actual operation of 
which is expected to be initiated about ten years later, 
there is a tendency to suppress the surge occurring in 
the transmission line to a low value to save the construc 
tion cost of appliances, and therefore a breaking resistor 
for suppressing a surge in breaking a short-circuit cur 
rent has become required to be provided in a puffer type 
SP6 gas circuit breaker. As an example of the result of 
analysis as to UHV, it is said that the resistance value of 
the breaking resistor be preferably about 500-1000 
Q/phase. 
One of the important items in research development 

is the breaking operation of a small capacitive current. 
As to a small capacitive current breaking, in the prior 
art, the voltage duty across the breaking resistor contact 
could not so largely be reduced as the voltage duty 
across the main contact could be reduced by using such 
a breaking resistor, as will be described in detail later. 
Recently, the IEC publication with respect to a small 
capacitive current breaking has a tendency to proceed 
toward severity in view of various kinds of fault condi 
tions and therefore further reduction of the voltage 
duty across the breaking contact is expected. 
An object of the invention is to improve the prior art 

in reduction of the voltage duty across the breaking 
resistor contact with respect to a small capacitive cur 
rent breaking. 
Another object of the present invention is to provide 

a circuit breaker in which the breaking performance for 
a small capacitive current can be greatly improved 
Without spoiling the surge suppression effect in break 
ing a short-circuit current. 
To attain these objects, according to the present in 

vention, the circuit breaker is featured in that ?rst and 
second resistor elements having large and small resis 
tance values respectively are provided as a breaking 
resistor and the connection of the ?rst and second resis 
tor elements is automatically changed such that the 
resultant resistance value becomes large to be suitable 
for a small capacitive current breaking mainly owing to 
the resistance value of the ?rst resistor element in break 
ing a small capacitive current, while becomes small to 
be suitable for a short-circuit current breaking mainly 
owing to the resistance value of the second resistor 
element in breaking a short-circuit current. 
These and other objects and the attendant advantages 

of the present invention will be readily appreciated as 
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2 
the same becomes better understood by reference to the 
following detailed description when considered in con 
nection with the accompanying drawings, in which: 
FIG. 1 is a circuit diagram of a power transmission 

line provided with a breaking section of a conventional 
circuit breaker; 
FIG. 2 is a characteristic diagram showing the re 

spective voltage duties across the main contact and the 
breaking resistor contact with respect to the breaking 
resistor; 
FIGS. 3 and 4 are circuit diagrams of a power trans 

mission line provided with a breaking section of the 
circuit breaker according to an embodiment of the pres 
ent invention; 
FIG. 5 is a circuit diagram of a breaking section of the 

circuit breaker according to another embodiment of the 
present invention; 
FIG. 6 is a circuit diagram of a breaking section of the 

circuit breaker according to a further embodiment of 
the present invention; 
FIG. 7 is a circuit diagram of a breaking section of the 

circuit breaker according to a still further embodiment 
of the present invention; 

FIG. 8 is a circuit diagram of a breaking section of the 
circuit breaker according to a further embodiment of 
the present invention; and 
FIG. 9 is a circuit diagram of a breaking section of the 

circuit breaker according to a still further embodiment 
of the present invention. 

Prior to the description of preferred embodiments of 
the present invention, the prior art of the invention will 
be described by referring to FIGS. 1 and 2 for the better 
understanding of the invention. 

Referring to FIG. 1, description will be ?rst made as 
to the small capacitive current breaking. In the draw 
ing, the reference numeral 1 designates a power source, 
2 an inductance of the power source, 3 a main breaking 
contact, 4 a breaking resistor element, 5 a resistor 
contact, 6 a capacitor when the line is simulated by a 
lumped constant, and 20 an actuator for performing 
on/off operation of the main and resistor contacts 3 and 
5. 
On the assumption that wL< < l/wC=Xc, where L 

represents the value of the source inductance 2, R the 
resistance of the resistor element 4, C the electrostatic 
capacity of the capacitor 6, w the angular frequency of 
the power source, the characteristic diagram can be 
obtained as shown in FIG. 2 in which the solid line 
curve A shows the voltage duty applied across the main 
contact 3 and the broken line curve B shows the voltage 
duty applied across the resistor contact 5. 
For example, various changes depending on the value 

R of the breaking resistor with a constant line length 
(the electrostatic capacity C is constant) will be consid 
ered. In the case where R is small, the voltage drop RI 
due to the resistance R of the breaking resistor 4 and the 
current I passing through the resistor contact 5 is small 
and therefore the voltage duty applied across the main 
contact 3 is low, after the main contact 3 has been 
opened, while a high voltage which is substantially 
equal to the value with no breaking resistor is applied 
across the resistor contact 5 after the resistor contact 5 
has been also opened because the resistance R is small. 
On the other hand, if the breaking resistance R becomes 
large, the voltage drop RI also becomes large and the 
voltage duty across the main contact 3 therefore in 
creases, while the voltage duty across the resistor 
contact 5 becomes small as the breaking resistance R is 
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large, as shown in FIG. 2, for such a reason that the 
voltage distribution across the capacity C of the capaci 
tor 6 becomes small. 
For example, on the assumption that in a UHV line, 

line length is 100-200 km, the source frequency f: 50 
Hz and XCzZOOO-IOOO Q, the value R/Xv is 0.25-1.00 
with the resistance R=500—l000 Q. 
As seen in FIG. 2, under the above-mentioned condi 

tions, the voltage duties across the main contact 3 and 
the resistor contact 5 with the breaking resistor 4 are 
about 40% and 90%, respectively, of those in the case 
where no breaking resistor is provided. Thus, it can not 
be considered that the feature of the breaking resistor is 
suf?ciently used, even if the breaking resistor is selected 
to a suitable value from the viewpoint of surge suppres 
sion. This is the reason why remarkable improvement in 
small capacitive current breaking performance is ea 
gerly expected in the ?eld of this art. 

Referring to FIGS. 3 to 9 of the drawings, preferred 
embodiments of the present invention will now be de 
scribed. In these drawings, the same reference numerals 
as those used in FIG. 1 are used to represent the same 
parts or components as those provided in FIG. 1, and 
therefore the description about such parts or compo 
nents is omitted. 
FIGS. 3 and 4 are circuit diagrams of a power trans 

mission line provided with a breaking section of the 
circuit breaker according to an embodiment of the pres 
ent invention. 

In this embodiment, a series connection of another 
resistor element 7 (hereinafter referred to as a second 
resistor element) and a spark gap 8 is additionally con 
nected in parallel to the ?rst resistor element 4 (herein 
after referred to as a ?rst resistor element) in the prior 
art of FIG. 1. 

If the main contact 3 is opened to interrupt the cur 
rent passing through the main contact 3 in the case 
where the small capacitive current passing through the 
.capacitor 6 be interrupted in FIG. 3, a current ?ows 
through the ?rst resistor element 4 and the resistor 

' contact 5. Since the current passing through the capaci 
tor 6 is small in comparison with the rated current or the 
rated breaking current of the circuit breaker, the volt 
age drop across the ?rst resistor element 4 is also rela 
tively small. Under this condition, the spark gap 8 is 
selected so as not to generate flashover thereacross and 
the resistance value R of the ?rst resistor element 4 is 
selected to be large so as to satisfy, for example, the 
relation R/Xc:2—3 by referring to FIG. 2. Thus, it 
becomes possible to further reduce the voltage duty 
across the resistor contact 5 (broken line curve B) by 
about 30% (from about 90% to 60%). 

Further, since the substantially full voltage is applied 
to the ?rst resistor element 4 when the main contact 3 is 
opened to interrupt a short-circuit current in case an 
earthing arc 9 occurs, as shown in FIG. 4, the spark gap 
8 is selected such that flashover occurs thereacross with 
respect to such a high voltage across the ?rst resistor 4. 
In this case, the ?rst and second resistor elements 4 and 
7 act as parallel connected components and therefore 
the resistance value of the second resistor element 7 is 
selected so that the resultant or equivalent resistance of 
the parallel connection of the ?rst and second resistor 
elements 4 and 7 is equal to 500-1000 (I which is consid 
ered suitable for suppressing the opening surge. 
According to this embodiment, since the breaking 

resistance is selected to an optimum value in view of the 
breaking performance with‘ respect to small capacitive 
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4 
current breaking as well as the suppression of short-cir 
cuit breaking surge and large short-circuit current 
breaking, the breaking performance can be greatly im 
proved. Further, since the spark gap 8 is used a switch 
ing means, the switching operation can be surely 
achieved with a simple arrangement. 
FIG. 5 is a circuit diagram of a breaking section of the 

circuit breaker according to another embodiment of the 
present invention. 

In this embodiment, a non-linear resistor element 10 is 
used as the switching means in place of the discharging 
gap 8 of the embodiment of FIGS. 3 and 4. Accord 
ingly, the interrupting performance can be greatly im 
proved, similarly to the embodiment of FIGS. 3 and 4, 
by switching the breaking resistance to have its opti 
mum value, if the characteristic of the non-linear resis 
tor element 10 is suitably selected such that the non-lin 
ear resistor element 10 operates to provide a high resis 
tance value when the voltage drop across the first resis 
tor element 4 is relatively low, for example, in the case 
of small capacitive current interruption, while operates 
to exhibit a relatively low resistance value when the 
voltage drop across the ?rst resistor element 4 is large, 
for example, in the case of short-circuit current inter 
ruption. Further, this embodiment can exhibit such an 
effect that a stable operation characteristic having little 
variations in comparison with the case in which a spark 
gap is employed. 
FIG. 6 is a circuit diagram of a breaking section of the 

circuit breaker according to a further embodiment of 
the present invention. 

In this embodiment, as the switching means, there are 
provided a switch 11 connected in series with the sec 
ond resistor element 7, a current detector 12 such as a 
current transformer (CT), a judge means 13 for judging 
whether the detected current I has become equal to or 
above a predetermined value I; or not, so as to produce 
a closing command when the detected current I has 
become 121;, and an actuator 14 responsive to the clos 
ing command of the judge means 13 so as to close the 
switch 11. A broken line 15 designates a mechanical 
coupling between the switch 11 and the actuator 14. 
Thus, the actuator 14 mechanically actuates the switch 
11 in the way conventionally known well, similarly to 
the actuator 20 for actuating the main and resistor 
contacts 3 and 5, by using energy on earth potential, 
electromagnetic force due to a short-circuit current 
?owing in the circuit, mechanical energy stored in a 
spring (not shown) which is compressed, for example, 
when the main contact is closed. 

Accordingly, the breaking performance can be 
greatly improved also in this embodiment, similarly to 
the above-mentioned embodiments, by switching the 
breaking resistance to have its optimum value, if the 
abovementioned predetermined current value I; is set to 
a proper value. 
FIG. 7 is a circuit diagram of a breaking section of the 

circuit breaker according to a still further embodiment 
of the present invention. 

In this embodiment, the ?rst and second resistor ele 
ments 4 and 7 are connected in series with each other 
differing from the various embodiments described 
above and a spark gap 8 is connected, as the switching 
means, in parallel to the ?rst resistor element 4. Accord 
ingly, the ?rst and second resistor elements 4 and 7 
operate in series in small capacitive current breaking to 
provide a large equivalent resistance value suitable for 
small capacitive current breaking, while in the case of 
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shortcircuit current breaking, they operate to exhibit a 
low resistance value suitable for suppressing breaking 
surge merely owing to the resistance value of the sec 
ond resistor element 7 because the ?rst resistor element 
4 is shorted by the spark gap 8 in short-circuit current 
interruption. Thus, the interrupting performance can be 
greatly improved also in this embodiment as in the vari 
ous embodiments described above. 
The non-linear resistor element 10 of FIG. 5 and, 

alternatively, the switching means constituted by the 
switch 11, the current detector 12, the judge means 13, 
and the actuator 14 of FIG. 6 can be used in place of the 
spark gap 8 in this FIG. 7 embodiment, as shown in 
FIGS. 8 and 9, thereby obtaining the same effect as in 
the various embodiments mentioned above. 
Although the above description has been made with 

respect to various embodiments of the circuit breaker 
which is provided with a single interruption, the present 
invention can be of course applied to a circuit breaker 
which has many interrupters per phase. 

I claim: 
1. A circuit breaker comprising a breaking section 

including an openable/closable main breaking contact 
and a series circuit connected in parallel to said main 
contact and constituted by a breaking resistor means 
and an openable/closable resistor contact; an actuator 
means for performing closing/opening operations of 
said main breaking contact and said resistor contact; 
said breaking resistor means including a ?rst resistor 
element and second resistor element having a resistance 
value which is smaller than that of said ?rst resistor 
element; and a switching means for automatically 
changing the connection of said ?rst and second resistor 
elements in accordance with a current breaking condi 
tion so that for small capacitive current breaking, a 
resultant equivalent resistance of said ?rst and second 
resistor elements becomes a large value suitable for the 
small capacitive current breaking, while for short-cir 
cuit current breaking, said equivalent resistance be 
comes a small value mainly owing to the resistance 
value of said second resistor element. 

2. A circuit breaker according to claim 1, in which 
said ?rst and second resistor elements are connected in 
parallel with each other, and in which said switching 
means is a spark gap connected in series to said second 
resistor element. 

3. A circuit breaker according to claim 1, in which 
said ?rst and second resistor elements are connected in 
parallel with each other, and in which said switching 
means is a non-linear resistor element connected in 
series to said second resistor element. 

4. A circuit breaker according to claim 1, in which 
said switching means includes means for detecting a 
breaking current value and a switch arranged to be 
closed in response to said breaking current detecting 
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means when the breaking current becomes equal to or 
above a predetermined value, and in which said second 
resistor element is connected, through said switch, in 
parallel to said ?rst resistor element. 

5. A circuit breaker according to claim 4, in which 
said breaking current detecting means includes a cur 
rent transformer for detecting a current of a line to 
which said circuit breaker is connected, means for judg 
ing whether the current detected by said current trans 
former is equal to or above said predetermined value or 
not and for issuing a closing command when said de 
tected current becomes equal to or above said predeter 
mined value, and an actuator for closing said switch in 
response to said closing command. 

6. A circuit breaker according to claim 1, in which 
said ?rst and second resistor elements are connected in 
series with each other, and in which said switching 
means is a spark gap connected in parallel to said ?rst 
resistor element. 

7. A circuit breaker according to claim 1, in which 
said ?rst and second resistor elements are connected in 
series with each other, and in which said switching 
means is a non-linear resistor element connected in 
parallel to said ?rst resistor element. 

8. A circuit breaker according to claim 1, in which 
said ?rst and second resistor elements are connected in 
series with each other, and in which said switching 
means includes means for detecting breaking a breaking 
current value and a switch connected in parallel to said 
?rst resistor element and arranged to be closed in re 
sponse to said breaking current detecting means when 
the breaking current becomes equal to or above a prede 
termined value. 

9. A circuit breaker according to claim 8, in which 
said breaking current detecting means includes a cur 
rent transformer for detecting a current of a line to 
which said circuit breaker is connected, means for judg 
ing whether the current detected by said current trans 
former is equal to or above said predetermined value or 
not and for issuing a closing command when said de 
tecting current becomes equal to or above said prede 
termined value, and an actuator for closing said switch 
in response to said closing command. 

10. A circuit breaker according to claim 1, wherein 
said switching means automatically changes the con 
nection of said ?rst and second resistor elements in 
response to the current breaking condition during a 
current breaking operation. 

11. A circuit breaker according to claim 1, wherein 
said switching means operates to automatically change 
the connection of the ?rst and second resistor in accor 
dance with the current breaking condition subsequent 
to said actuator means opening said main breaking 
contact during a current breaking operation. 

* * * * 1k 


